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Visualization of oral function during playing a wind instrument by a lateral dental impression: a proof-of-concept investigation
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Embouchure describes the interaction of the teeth, lips, tongue, buccal mucosa, and surrounding muscles when playing woodwind and brass instruments. In dental practice, impression material is used to capture the oral structure and function. In this proof-of-concept investigation, embouchure was examined using a silicone-based dental impression material. The participants were 1 oboe player, 1 alto saxophone player, and 4 tenor saxophone players. Four of the participants were amateurs and 2 were professionals. The dental impression material was mixed and inserted onto the buccal aspect of the upper molars. The musicians blew test tones and maintained embouchure for 30 s while a lateral embouchure impression was taken. The hardened material was removed and scanned using cone-beam computed tomography. The three-dimensional surface data of the impression were exported, and the mean thickness was analyzed. The impressions showed the space between the alveolar and buccal mucosae. The mean thickness ± standard deviation of the impressions was 2.35 ± 0.85 mm. The oboist showed the smallest thickness, while the tenor saxophonists showed the greatest thickness. The method enabled visualization of the unique morphology of each participant. The results suggest that embouchure can be objectively evaluated using the presented technique. Making embouchure impressions to assess oral problems should enable dentists to evaluate changes in music playing resulting from oral problems or for their treatment. Further studies in a larger population are needed to generalize the results.
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1 Introduction

The teeth and surrounding oral organs play important roles in playing wind and brass instruments (1). It is known that changes in the teeth can lead to differences in music playing (2). It is also known that changes in the oral condition can affect control in music playing (3). It is therefore important to evaluate performance before, during, and after dental treatment to achieve favorable treatment results for musicians.

For example, the sound of music performance is sometimes evaluated during dental treatment such as denture insertion (4), placement of dental implants (5), and the delivery of music splints (6) in order to confirm the effect of the treatment. It is not only important to check the stability of rhythm or the range of sounds, but it is also useful to perform a listening assessment (5).

Embouchure describes the interaction of the teeth, lips, tongue, buccal mucosa, and surrounding muscles when playing woodwind and brass instruments (1). It is known that problems with embouchure can lead to problems in music playing (7). Therefore, it is considered that not only the played sound as an outcome but also the muscle movement and the resulting surface shape should be recorded to ascertain how embouchure might be affected by dental treatment.

Embouchure is examined using various methods, including real-time magnetic resonance imaging (8), electromyography (9), and the use of pressure sensors (10). These methods can provide information on the musical instrument from different viewpoints but the shortcoming is that all of them require special equipment. Therefore, although the method is suitable for research purposes, it may be difficult to apply in the clinical setting.

In dental practice, impression material is often used to capture the oral structure (11). Because the material needs some time to be cured, it is also possible to record the movement of the surrounding tissue by having the patient move while the material is cured (12). In this proof-of-concept investigation, embouchure was examined using a silicone-based dental material.



2 Method

The participants were 6 musicians (4 men and 2 women) with a mean age of 42.5 years (Figure 1) and included 1 oboe player, 1 alto saxophone player, and 4 tenor saxophone players. Four of the participants were amateurs and 2 were professionals. The concept of the study was explained verbally and in writing, and written consent was obtained from each participant. The study was approved by the Research Ethics Committee of Tokyo Medical and Dental University (Approval Number: D2016-088).


[image: Figure 1]
FIGURE 1
Subjects’ characteristics and the test tones.


The participants were seated in a dental chair in an upright position with their musical instrument. A silicone-based dental impression material used for occlusal registration (Exabite II; GC, Tokyo Japan) was inserted with one push of the cartridge dispenser onto the buccal aspect of each upper molar. By mixing the two materials together in the tip, the material hardened due to vulcanization. The participant blew a tone and maintained embouchure for 30 s and then the impression was taken out of the mouth. The procedure was repeated three times for each side as well as for the low- and high-test tones shown in Figure 1.

After removal, the impression was scanned using cone-beam computed tomography (ProMax 3D Mid; Planmeca, Helsinki, Finland). Surface data of the lateral embouchure impression were exported as a Standard Triangulated Language file, excess parts were trimmed, and the mean thickness was analyzed using three-dimensional (3D) evaluation software (GOM Inspect 2021; GOM, Braunschweig, Germany) (Figure 2). The participant's upper jaw impression was taken with an irreversible hydrocolloid impression material (Algiace Z; Dentsply-Sankin, Tokyo, Japan), and a model was fabricated using dental plaster (New Plastone I; GC). The model was also scanned using cone-beam computed tomography (ProMax 3D Mid), and the surface data were exported as Standard Triangulated Language file. The 3D data were aligned together using 3D evaluation software (GOM Inspect 2021) in order to visualize the relationship between the dentition and the impression.
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FIGURE 2
Three-dimensional measurement of an embouchure impression.




3 Results

In most cases, the impression was successfully taken; in only a few cases, the material did not stay in position (e.g., it fell down to the lower jaw area) The impressions showed the space between the alveolar and buccal mucosae (Figure 3). The unique morphology of each participant was successfully visualized and was reproducible. In most cases, the impression was thinner in the anterior part and thicker in the posterior part. There was no apparent difference between impressions made when the participants played low and high tones. In some participants the impression was symmetrical, while in others it was asymmetrical. The mean thickness ± standard deviation of the impressions was 2.35 ± 0.85 mm. The oboist showed the smallest thickness (1.18 ± 0.23 mm), while the tenor saxophonists showed the greatest thickness (2.51 ± 0.90 mm).
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FIGURE 3
Examples of embouchure impressions and their mean thickness on right- and left-side impressions.




4 Discussion

In this study, intraoral impressions were taken to assess embouchure in musicians. Similar to denture impressions, when the surrounding tissue moves before the material is cured, not only the anatomical structure but also the movement of the tissue is recorded (11). Compared with other methods for observing the oral cavity (8–10), this method is easier because it requires only the general material that every dental office has and does not require any special equipment. Each impression could be taken quickly because the material can be cured in a short time. This suggests that the technique is a suitable method for dentists to evaluate the effect of dental treatment on a musician's embouchure. Because this is a research project, the thickness was examined using a 3D analysis method, but in the clinical setting, simply comparing the morphology might be sufficient for the dentist to grasp a patient's situation.

Some musicians exhibited symmetrical impressions, while others displayed asymmetrical impressions. The observed asymmetry may be attributed to anatomical differences between the two sides or individual playing habits. This finding suggests that clinicians should not aim solely to achieve bilateral symmetry in embouchure impressions. Instead, the focus should be on evaluating changes over time, such as pre- and post-treatment comparisons, rather than comparing the left and right sides.

The standard material for performing occlusal registration was used in the present method. The reason for choosing this material was the short curing time and the ease of handling. Another material considered was the silicone material used for general impressions and impression compounds (11). The silicone material for general impressions has a longer curing time and thus seemed impractical for taking embouchure impressions. Even with the material used in this study, most participants would not be able to continue blowing until the material was cured and would need to maintain embouchure without tone. Thus, it was considered that a regular impression material would not be able to capture an accurate embouchure impression effectively. In contrast, the compound material becomes hard quickly; however, the hardness is temperature dependent and can be difficult to reproduce at a consistent hardness (12). In conclusion, the occlusal registration material was judged suitable for embouchure impression-taking.

Considering the application of emerging technologies, 3D analysis of facial surface morphology during instrument playing could be achieved using facial scanners, which are increasingly utilized in orthognathic and maxillofacial prosthetic research (13). Furthermore, the availability of four-dimensional scanners now enables functional analyses with temporal resolution (14). However, these methods are limited in their ability to capture intraoral dynamics during instrument performance. Real-time magnetic resonance imaging could provide valuable insights into the oro-maxillofacial functional features associated with musical performance (15). Nevertheless, the implementation of such advanced imaging techniques poses significant logistical and financial challenges, making them impractical for routine use in dental clinics catering to musician patients.

In this study, only the space between the molars and the buccal mucosa was evaluated using lateral dental impressions. However, it is conceivable that other anatomical spaces, such as the space between the tongue and the floor of the mouth, could also provide valuable insights into embouchure morphology. Additionally, the limitation of this study to a narrow range of musical instruments represents another shortcoming. Future research will aim to address these limitations and provide a more comprehensive understanding of embouchure characteristics through the use of dental impression materials.

The results of this study suggest that embouchure can be objectively evaluated using the presented technique. The thickness showed that there is more space in the posterior part compared with the anterior part. The reason seems to be that more closure is needed in the front of the mouth to avoid air leakage while more resonance is needed in the back to make sound. However, more detailed research is needed to confirm these assumptions. Furthermore, it was suggested that the morphology of lateral embouchure impressions might differ according to the musical instrument and the individual. Making impressions before and after dental treatment or oral issues occur should enable dentists to evaluate changes in embouchure in musicians. Further studies including a larger number of musicians and a greater variety of instruments are needed to fully evaluate the benefit of the described technique.
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